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Abstract: A modified criterion, β′, defined as Tg/Tx−Tg/(Tl·η) (Tg, Tx, Tl and η denote the glass transition temperature, the onset of 
crystallization temperature, the liquidus temperature and constant coefficient, respectively), has been proposed for assessing the 
glass-forming ability (GFA) of bulk metallic glasses (BMGs). A survey of the readily available experimental data associated with the 
thermal analysis of various BMG alloys demonstrates that the new β′ criterion exhibits much better correlation with the GFA than 
other currently used criteria. But, it is more significant from statistical results to note that, all criteria including the currently proposed 
criterion β′, which are all combined by Tg, Tx and Tl, almost have equal ability in measuring the glass forming ability in any 
glass-forming system. 
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1 Introduction 
 
Glass-forming ability (GFA), as a measure of the 
ease of vitrification, is vital for understanding the origin 
of glass formation and is important for designing and 
synthesizing new bulk metallic glasses with unique 
mechanical properties or other attributes. Although the 
direct and quantifiable GFA indicator of an alloy could 
be the critical cooling rate, Rc, and the maximum section 
thickness or diameter, Zmax, it is very difficult to obtain 
the Rc and Zmax values experimentally[1−3]. Thus, 
significant efforts have been devoted to searching for 
simple and reliable criteria for quantifying the GFA of 
metallic glasses from practicable and knowable points. 
To date, dozens of GFA criteria have been proposed and 
popularized by their investigators, such as Trg(=Tg/Tl)[4], 
∆Tx(=Tx−Tg)[5], γ(=Tx/(Tg+Tl))[6−7], β(=Tx/Tg+Tg/Tl)[8], 
γm(=(2Tx−Tg)/Tl)[9], δ(=Tx/(Tl−Tg))[10], Φ(＝ Trg(ΔTx/ 
Tg)0.143)[11], β1(=Tx×Tg)/(Tl−Tx)2)[12] and ω(=Tg/Tx− 
2Tg/(Tg+Tl))[13], in which characteristic thermal 
parameters (Tg, Tx and Tl), can easily be determined from 
differential thermal analysis and are reasonably related to 
Rc. 
These criteria, to some extent, have offered some 
useful guidelines for searching and screening of BMGs 
and try to avoid the tedious repetitive work, but the 
development of new BMGs has still been mainly 
dependent on series of experiments by changing 
compositions step by step[14−15]. Indeed, a large 
number of good glass-forming systems obey these 
criteria. But many exceptions also occur, especially in 
some of the bulk metallic glass (BMG) systems 
synthesized recently[6, 16]. So, new criteria have been 
proposed incessantly and try to reflect the GFA of BMGs 
more precisely. 
In this study, a dimensionless criterion β′ has been 
proposed. But more importantly, a comprehensive 
analysis of most dominant GFA criteria including the β′ 
in terms of the reliability and merits in a large data base 
has also been conducted, and some interesting 
discoveries are reported. 
 
2 Origin of new β′ criterion 
 
Most widely used criteria proposed to gauge the 
relative GFA among BMGs, are derived only using the 
glass transformation temperatures of alloys (Tg, Tx, Tl 
and different combinations of them). Therefore, too 
many unknown physical and thermal parameters can be 
skillfully evaded, which enables these criteria to obtain 
wide application in real practices[17]. 
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According to the current consensus, the GFA should 
not only mean the easiness with which a glass can be 
formed from the liquid, but also a high resistance to 
crystallization of the glass, on its subsequent thermal 
exposure[7]. So, a perfect GFA criterion should combine 
two aspects: glass forming tendency of the liquid and the 
thermal stability of the glass in its expression. 
By referring to the previous work and deductions[6, 
8, 10, 13], it is accepted that glass-forming ability is 
proportional to Tx/Tg and Tg/Tl; in other words, the GFA 
is inverse proportional to Tg/Tx and Tl/Tg. Since Tl/Tg 
could be logarithmically transformed to (−Tg/Tl), by 
combining the two aspects, a new expression, which 
links the GFA of an alloy with its characteristic thermal 
temperatures Tg, Tx, and Tl, can be deduced as  
g g
x l
1 T T
A T T
−∝                                                (1) 
 
As we don’t know what extent glass forming 
tendency and thermal stability contribute to the GFA of 
metal glass, respectively, a parameter η is introduced as 
the weight of glass forming tendency. Equation (1) could 
therefore be replaced by  
g g
x l
1 T T
A T T
′ = −β η∝                                           (2) 
 
where A means the glass-forming ability, and coefficient 
η has been optimally selected as 1.30 herein. 
The validity and feasibility of a newly proposed 
criterion in measuring the GFA of BMGs can usually be 
elucidated by examining how well its values correlate 
with the GFA in various BMG forming systems. As the 
GFA is normally quantified by Rc and Zmax, the validity 
of the criterion is usually evaluated by the correlation 
between the GFA criteria and Rc or/and Zmax. By plotting 
Rc or/and Zmax against the proposed criterion for one 
glass-forming system, a straight line and the statistical 
correlation coefficient, R2, are determined using standard 
statistical procedures. The value of R2 can give an idea of 
the effectiveness and consistency of a GFA criterion. 
To secure the reliability of this statistical evaluation, 
we have fully made use of available experimental data 
for already reported BMGs. The number of data points 
used for Rc and Zmax are 62 and 411, respectively, which 
are collected by LONG et al[13], LU et al[17]. The 
majority of the characteristic temperatures (Tg, Tx and Tl) 
were measured by DSC and/or DTA at a heating rate of 
20 K/min and most of the Zmax values were obtained by 
copper mould casting method. 
 
3 Evaluation of β′ criterion 
 
3.1 Correlation coefficient for Rc with relative GFA 
To examine the advantages of the new criterion over 
other currently used GFA criteria, calculations of Trg, ∆Tx, 
γ, β, δ, γm, Φ, β1, ω and β′ were made on the basis of the 
available experimental data. The results are presented in 
Table 1. All compositions herein are expressed in molar 
fraction. 
Figure 1 shows the plots of critical cooling rate 
against the relative GFA, namely, Rc vs various criteria. 
As the critical cooling rates have been plotted on a 
logarithmic scale, the errors are expected to be small. 
The values of R2 were computed to 0.679 7 for the Rc−Trg 
plot, 0.635 5 for the Rc−∆Tx plot, 0.900 2 for the Rc−γ 
plot, 0.917 3 for the Rc−β plot, 0.701 8 for the Rc−δ plot, 
0.910 1 for the Rc−γm plot, 0.802 8 for the Rc−Φ plot, 
0.470 4 for the Rc−β1 plot, 0.531 1 for the Rc−1/ω plot, 
and 0.926 8 for the Rc−β′ plot. 
Apparently, all GFA criteria exhibit a direct 
proportional or inverse relationship with respect to Rc, 
indicating that all these criteria can, to a certain extent, 
reflect the GFA of the alloys. By referring to the value of 
R2, which statistically reflects how strong the linear 
correlation is, one can see that β′ has the strongest ability 
in representing the GFA. 
To further understand the diversity of these 
established criteria, Table 2 compares the computed R2 
values of Rc vs these criteria for various glass-forming 
systems and for 53 data points as a whole in Ref.[13]. As 
the R2 value increases with the decrease of data points, 
the β′ criterion shows the value of 0.930 3, which is still 
the highest among all the GFA criteria. In addition, it is 
interesting to note from Table 2 that most GFA criteria 
except Trg and ∆Tx seem to show the similar R2 value for 
a same glass-forming system, such as the R2 values of 
Mg-based and La-based BMGs are all in the range of 
0.8−0.9, although the data points as a whole show 
distinguished R2 between various criteria. 
 
3.2 Correlation coefficient of Zmax with relative GFA 
To further investigate the similarity of these criteria 
including β′, Zmax has been plotted against the ten GFA 
criteria (Trg, ∆Tx, γ, β, δ, γm, Φ, β1, ω, β′) using 411 kinds 
of BMG alloys based on Cu, Fe, La, Ca, Mg, Zr, Ni, Ti, 
Pd, Co, Au, Y, Hf, Gd in Ref.[13]. The R2 for Zmax vs 
various criteria has been acquired using the above- 
mentioned method in whole BMGs and in every single 
glass-forming system. The results are listed in Table 3. 
The last two rows in Table 3 were obtained from 
plotting all the data of Zmax and logZmax against various 
criteria. Figure 2 presents the plots among Fe-based 
BMG, which is one of the most widely developed and 
synthesized glass-forming systems. 
Based mainly on the statistical results in Table 3 and 
Fig.2, we have carried on the following discussions: 
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Table 1 Tg, Tx, Tl, Rc, and calculated Trg, ∆Tx, γ, β, δ, γm, Φ, β1, ω and β′ value for already reported metallic glasses 
Alloy Tg/K Tx/K Tl/K Rc/(K·s−1) ∆Tx/K Trg γ γm 
Zr66Al8Ni26 672 707.6 1 251.0 66.6 35.6 0.537 17 0.367 97 0.594 08
Zr66Al8Cu7Ni19 662.3 720.7 1 200.8 22.7 58.4 0.551 55 0.386 83 0.648 82
Zr66Al8Cu12Ni14 655.1 732.5 1 172.1 9.8 77.4 0.558 91 0.400 89 0.690 98
Zr66Al9Cu16Ni9 657.2 736.7 1 170.6 4.1 79.5 0.561 42 0.403 05 0.697 25
Zr65Al7.5Cu17.5Ni10 656.5 735.6 1 167.6 1.5 79.1 0.562 26 0.403 27 0.697 76
Zr57Ti5Al10Cu20Ni8 676.7 720.0 1 145.2 10.0 43.3 0.590 90 0.395 19 0.666 52
Zr38.5Ti16.5Ni9.75Cu15.25Be20 630 678 1 003 1.4 48.0 0.628 12 0.415 19 0.723 83
Zr39.88Ti15.12Ni9.98Cu13.77Be21.25 629 686 1 006 1.4 57.0 0.625 25 0.419 57 0.738 57
Zr41.2Ti13.8Cu12.5Ni10Be22.5 623 672 996 1.4 49.0 0.625 50 0.415 07 0.723 90
Zr42.63Ti12.37Cu11.25Ni10Be23.75 623 712 1 057 5.0 89.0 0.589 40 0.423 81 0.757 81
Zr44Ti11Cu10Ni10Be25 625 739 1 206 12.5 114.0 0.518 24 0.403 60 0.707 30
Zr45.38Ti9.62Cu8.75Ni10Be26.25 623 740 1 239 17.5 117.0 0.502 82 0.397 42 0.691 69
Zr46.75Ti8.25Cu7.5Ni10Be27.5 622 727 1 185 28.0 105.0 0.524 89 0.402 32 0.702 11
Zr65Be35 623 623 1 238 1.0×107 0.0 0.503 23 0.334 77 0.503 23
La55Al25Ni15Cu5 473.6 541.2 899.6 34.5 67.6 0.526 46 0.394 12 0.676 75
La55Al25Ni10Cu10 467.4 547.2 835.0 22.5 79.8 0.559 76 0.420 15 0.750 90
La55Al25Ni5Cu15 459 520.0 878.1 35.9 60.9 0.522 83 0.388 87 0.661 54
La55Al25Ni5Cu10Co5 465.2 541.8 822.5 18.8 76.6 0.565 59 0.420 75 0.751 85
La55Al25Ni20 491 555 941 67.5 64 0.521 79 0.387 57 0.657 81
La55Al25Cu20 456 495 896 72.3 39 0.508 93 0.366 12 0.595 98
La66Al14Cu20 395 449.0 731.0 37.5 54.0 0.540 36 0.398 76 0.688 10
Ti63Be37 673 673.0 1 353.0 6.3×106 0.0 0.497 41 0.332 18 0.497 41
Ti34Zr11Cu47Ni8 698.4 727.2 1 169.2 100.0 28.8 0.597 33 0.389 38 0.646 60
Ni 425 425 1 725 3.0×1010 0 0.246 38 0.197 67 0.246 38
Ni60Nb40 933 933 1 484 1 400 0 0.628 71 0.386 02 0.628 71
Ni59Zr16Ti13Si3Sn2Nb7 845 885 1 301 40 40 0.649 50 0.412 40 0.710 99
Fe91B9 600 600 1 628 2.60×107 0 0.368 55 0.269 30 0.368 55
Pd95Si5 647 647 1 688 5.00×107 0 0.383 29 0.277 09 0.383 29
Pd82Si18 648 648 1 071 1 800.0 0 0.605 04 0.376 96 0.605 04
Pd75Si25 656 656 1 343 1.00×106 0 0.488 46 0.328 16 0.488 46
Pd79.5Cu4Si16.5 635 678 1 086 500 43 0.584 71 0.393 96 0.663 90
Pd77.5Cu6Si16.5 637 686 1 058 100 49 0.602 08 0.404 72 0.694 71
Pd77Cu6Si17 642 686 1 128 125 44 0.569 15 0.387 57 0.647 16
Pd42.5Cu30Ni7.5P20 574 660 834 0.067 86 0.688 25 0.468 75 0.894 48
Pd42.5Cu27.5Ni10P20 584 665 871 0.083 81 0.670 49 0.457 04 0.856 49
Pd40Cu32.5Ni7.5P20 568 654 932 0.133 86 0.609 44 0.436 00 0.793 99
Pd40Cu30Ni10P20 586 660 856 0.100 74 0.684 58 0.457 70 0.857 48
Pd40Cu25Ni15P20 596 668 910 0.150 72 0.654 95 0.443 56 0.813 19
Pd45Cu25Ni10P20 595 675 884 0.100 80 0.673 08 0.456 39 0.854 07
Pd45Cu30Ni5P20 577 659 861 0.083 82 0.670 15 0.458 28 0.860 63
Pd37.5Cu30Ni12.5P20 572 647 929 0.133 75 0.615 72 0.431 05 0.777 18
Pd40Ni40P20 575 640 905 0.167 65 0.635 36 0.432 43 0.779 01
Au77.8Si8.4Ge13.8 293 293 629 3.0×106 0 0.465 82 0.317 79 0.465 82
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Alloy Tg/K Tx/K Tl/K Rc/(K·s−1) ∆Tx/K Trg γ γm 
Mg65Cu7.5Ni7.5Zn5Ag5Y10 426 464 717 50.0 38 0.594 14 0.405 95 0.700 14
Mg70Ni15Nd15 467 489 844 178.2 22 0.553 32 0.373 00 0.605 45
Mg65Ni20Nd15 459 501 805 30.0 42 0.570 19 0.396 36 0.674 53
Mg75Ni15Nd10 450 470 790 46.1 20 0.569 62 0.379 03 0.620 25
Mg77Ni18Nd5 429 437 887 4.9×104 8 0.483 65 0.332 07 0.501 69
Mg90Ni5Nd5 426 449 919 5.3×104 23 0.463 55 0.333 83 0.513 60
Mg80Ni10Nd10 454 471 878 1 251.0 17 0.517 08 0.353 60 0.555 81
Mg65Cu25Y10 413 473 760 50.0 60 0.543 42 0.403 24 0.701 32
Mg65Cu25Gd10 423 484 740 1.0 61 0.571 62 0.416 17 0.736 49
Ca65Mg15Zn20 375 410 630 20.0 35 0.595 24 0.407 96 0.706 35
Mg65Cu20Y10Zn5 404 456 748 25.0 52 0.540 11 0.395 83 0.679 14
Zr52.5Cu17.9Ni14.6Al10Ti5 673.5 735 1 106.0 10.0 62.0 0.608 91 0.413 30 0.721 02
Zr56.6Cu17.3Ni12.5Al9.6Ti4 659 737 1 089.0 7.1 78.4 0.605 14 0.421 85 0.749 13
Fe61Co5Zr8Y2Cr2Mo7B15 907 977 1 501 37 70 0.604 26 0.405 73 0.697 53
Fe83B17 760 760 1 448 1.0×106 0 0.524 86 0.344 20 0.524 86
Fe79Si10B11 818 818 1 419 1.8×105 0 0.576 46 0.365 67 0.576 46
Fe80P13B7 736 736 1 258 2.8×104 0 0.585 06 0.369 11 0.585 06
Pd42Cu30Ni10P18 600 644 1 026 250.0 44 0.584 80 0.396 06 0.670 57
Pd43Cu27Ni10P20 576 660 820 0.01 84 0.702 44 0.472 78 0.907 32
Alloy δ 1/ω Φ β β1 β′ Ref. 
Zr66Al8Ni26 1.222 11 3.987 54 0.352 90 1.590 15 1.610 34 0.536 48  
Zr66Al8Cu7Ni19 1.338 35 4.807 64 0.389 74 1.639 73 2.070 84 0.494 70  
Zr66Al8Cu12Ni14 1.416 83 5.640 76 0.411 81 1.677 06 2.483 13 0.464 40  
Zr66Al9Cu16Ni9 1.434 94 5.781 33 0.415 06 1.682 39 2.571 63 0.460 22  
Zr65Al7.5Cu17.5Ni10 1.439 25 5.791 67 0.415 45 1.682 75 2.587 67 0.459 96  
Zr57Ti5Al10Cu20Ni8 1.536 82 5.075 88 0.398 83 1.654 89 2.694 90 0.485 32  
Zr38.5Ti16.5Ni9.75Cu15.25Be20 1.817 69 6.344 47 0.434 66 1.704 31 4.043 93 0.446 04  
Zr39.88Ti15.12Ni9.98Cu13.77Be21.25 1.819 63 6.780 09 0.443 54 1.715 87 4.213 81 0.435 95  
Zr41.2Ti13.8Cu12.5Ni10Be22.5 1.801 61 6.350 32 0.434 83 1.704 15 3.988 11 0.445 93  
Zr42.63Ti12.37Cu11.25Ni10Be23.75 1.640 55 7.500 00 0.446 24 1.732 26 3.726 75 0.421 61  
Zr44Ti11Cu10Ni10Be25 1.271 94 6.133 07 0.406 31 1.700 64 2.117 83 0.447 09  
Zr45.38Ti9.62Cu8.75Ni10Be26.25 1.201 30 5.789 75 0.395 87 1.690 63 1.851 48 0.455 10  
Zr46.75Ti8.25Cu7.5Ni10Be27.5 1.291 30 5.983 12 0.407 00 1.693 70 2.155 73 0.451 81  
Zr65Be35 1.013 01 3.026 02 0.000 00 1.503 23 1.026 19 0.612 90  
La55Al25Ni15Cu5 1.270 42 5.396 17 0.398 53 1.669 19 1.995 42 0.470 13  
La55Al25Ni10Cu10 1.488 57 7.330 58 0.434 73 1.730 49 3.087 83 0.423 58  
La55Al25Ni5Cu15 1.241 05 5.096 17 0.391 66 1.655 48 1.861 67 0.480 71  
La55Al25Ni5Cu10Co5 1.516 37 7.348 03 0.436 99 1.730 25 3.198 85 0.423 55  
La55Al25Ni20 1.233 33 5.026 88 0.389 90 1.652 13 1.828 94 0.483 31  
La55Al25Cu20 1.125 00 4.054 23 0.358 05 1.594 45 1.403 72 0.529 73  
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Alloy δ 1/ω Φ β β1 β′ Ref. 
La66Al14Cu20 1.336 31 5.613 75 0.406 54 1.677 06 2.230 21 0.464 07  
Ti63Be37 0.989 71 2.979 41 0.000 00 1.497 41 0.979 52 0.617 37  
Ti34Zr11Cu47Ni8 1.544 60 4.706 23 0.378 62 1.638 57 2.599 64 0.500 91  
Ni 0.326 92 1.653 85 0.000 00 1.246 38 0.106 88 0.810 48  
Ni60Nb40 1.693 28 4.386 57 0.000 00 1.628 71 2.867 21 0.516 38  
Ni59Zr16Ti13Si3Sn2Nb7 1.940 79 5.977 62 0.419 89 1.696 84 4.321 29 0.455 19  
Fe91B9 0.583 66 2.167 32 0.000 00 1.368 55 0.340 66 0.716 50  
Pd95Si5 0.621 52 2.243 04 0.000 00 1.383 29 0.386 28 0.705 16  
Pd82Si18 1.531 91 4.063 83 0.000 00 1.605 04 2.346 76 0.534 58  
Pd75Si25 0.954 88 2.909 75 0.000 00 1.488 46 0.911 79 0.624 26  
Pd79.5Cu4Si16.5 1.503 33 5.034 36 0.397 86 1.652 43 2.586 32 0.486 80  
Pd77.5Cu6Si16.5 1.629 45 5.651 35 0.417 21 1.679 00 3.157 75 0.465 43  
Pd77Cu6Si17 1.411 52 4.752 03 0.387 94 1.637 68 2.254 32 0.498 05  
Pd42.5Cu30Ni7.5P20 2.538 46 18.397 21 0.524 63 1.838 08 12.512 88 0.340 27  
Pd42.5Cu27.5Ni10P20 2.317 07 13.254 45 0.505 49 1.809 19 9.151 66 0.362 43  
Pd40Cu32.5Ni7.5P20 1.796 70 8.995 38 0.465 26 1.760 85 4.806 58 0.399 70  
Pd40Cu30Ni10P20 2.444 44 13.312 26 0.509 23 1.810 86 10.067 68 0.361 28  
Pd40Cu25Ni15P20 2.127 39 9.929 02 0.484 11 1.775 75 6.798 17 0.388 41  
Pd45Cu25Ni10P20 2.335 64 13.006 64 0.505 19 1.807 53 9.194 50 0.363 73  
Pd45Cu30Ni5P20 2.320 42 13.686 34 0.506 99 1.812 27 9.318 77 0.360 07  
Pd37.5Cu30Ni12.5P20 1.812 32 8.201 98 0.460 48 1.746 83 4.653 74 0.410 45  
Pd40Ni40P20 1.939 39 8.236 52 0.465 19 1.748 40 5.240 30 0.409 70  
Au77.8Si8.4Ge13.8 0.872 02 2.744 05 0.000 00 1.465 82 0.760 43 0.641 68  
Mg65Cu7.5Ni7.5Zn5Ag5Y10 1.594 50 5.790 50 0.420 53 1.683 34 3.088 07 0.461 07  
Mg70Ni15Nd15 1.297 08 4.122 40 0.357 46 1.600 43 1.812 05 0.529 38  
Mg65Ni20Nd15 1.447 98 5.265 88 0.405 04 1.661 69 2.488 30 0.477 56  
Mg75Ni15Nd10 1.382 35 4.317 04 0.364 94 1.614 06 2.065 43 0.519 28  
Mg77Ni18Nd5 0.954 15 3.032 90 0.273 67 1.502 30 0.925 79 0.609 65  
Mg90Ni5Nd5 0.910 75 3.171 40 0.305 36 1.517 54 0.865 89 0.592 20  
Mg80Ni10Nd10 1.110 85 3.543 27 0.323 26 1.554 53 1.290 89 0.566 15  
Mg65Cu25Y10 1.363 11 5.918 11 0.412 41 1.688 70 2.371 63 0.455 13  
Mg65Cu25Gd10 1.526 81 6.824 17 0.433 36 1.715 83 3.123 96 0.434 26  
Ca65Mg15Zn20 1.607 84 5.939 46 0.424 04 1.688 57 3.176 65 0.456 76  
Mg65Cu20Y10Zn5 1.325 58 5.417 82 0.402 86 1.668 82 2.160 63 0.470 50 [18] 
Zr52.5Cu17.9Ni14.6Al10Ti5 1.700 27 6.298 08 0.432 93 1.700 97 3.607 16 0.447 31 [19] 
Zr56.6Cu17.3Ni12.5Al9.6Ti4 1.714 88 7.159 43 0.446 32 1.724 11 3.930 89 0.428 19 [19] 
Fe61Co5Zr8Y2Cr2Mo7B15 1.644 78 5.713 31 0.418 93 1.681 44 3.227 30 0.463 53 [20] 
Fe83B17 1.104 65 3.209 30 0.000 00 1.524 86 1.220 25 0.596 26 [21] 
Fe79Si10B11 1.361 06 3.722 13 0.000 00 1.576 46 1.852 50 0.556 57 [21] 
Fe80P13B7 1.409 96 3.819 92 0.000 00 1.585 06 1.987 99 0.549 96 [21] 
Pd42Cu30Ni10P18 1.511 74 5.163 43 0.402 48 1.658 13 2.647 95 0.481 83 [22] 
Pd43Cu27Ni10P20 2.704 92 21.047 15 0.533 38 1.848 27 14.850 00 0.332 39 [23] 
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Fig.1 Rc vs various criteria (Trg, ∆Tx, γ, β, δ, γm, Φ, β1, ω and β′) in 62 kinds of metallic glasses listed in Table 1 
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Table 2 Values of R2 corresponding to plots of Rc against Trg, ∆Tx, γ, β, δ, γm, Φ, β1, ω and β′ for various glass-forming systems and 
different data points 
Matrix Data points Trg ∆Tx γ β δ γm Φ β1 1/ω β′ 
Zr 16 0.338 8 0.268 0 0.770 7 0.760 4 0.461 2 0.752 1 0.956 9 0.433 7 0.571 1 0.775 4
Pd 17 0.877 0 0.894 5 0.964 5 0.969 3 0.867 9 0.964 4 0.807 9 0.643 8 0.649 7 0.971 4
Mg 10 0.771 7 0.588 5 0.908 9 0.887 1 0.849 3 0.887 5 0.868 2 0.838 5 0.821 4 0.876 3
La 7 0.816 1 0.637 8 0.846 8 0.842 2 0.838 0 0.847 0 0.842 7 0.829 9 0.841 7 0.838 9
Fe 5 0.639 7 − 0.815 4 0.861 3 0.814 0 0.888 6 0.742 8 0.971 1 0.986 0 0.888 4
Ni 3 0.986 2 − 0.997 4 0.999 5 0.999 6 1.000 0 0.402 4 0.966 9 0.957 0 1.000 0
Total 53 0.732 2 0.598 6 0.913 7 0.923 5 0.721 2 0.914 4 0.805 4 0.479 6 0.926 4 0.930 3
Total 62 0.679 7 0.635 5 0.900 2 0.917 3 0.701 8 0.910 1 0.802 8 0.470 4 0.531 1 0.926 8
 
Table 3 Values of R2 corresponding to plots of Zmax against Trg, ∆Tx, γ, β, δ, γm, Φ, β1, ω and β′ for various glass-forming systems 
Matrix Data points Trg ∆Tx γ β δ γm Φ β1 1/ω β′ 
Cu 82 0.015 5 0.435 5 0.465 8 0.478 8 0.127 1 0.484 6 0.405 6 0.322 0 0.537 6 0.475 1
Fe 72 0.000 5 0.021 9 0.014 2 0.018 1 0.003 4 0.018 0 0.021 4 0.007 1 0.019 0 0.021 5
La 52 0.468 2 0.018 4 0.374 2 0.285 7 0.576 4 0.333 5 0.449 3 0.583 3 0.309 8 0.288 0
Ca 52 0.330 5 0.212 0 0.553 2 0.551 1 0.451 8 0.565 4 0.544 0 0.565 8 0.613 6 0.554 3
Mg 40 0.292 4 0.053 3 0.350 9 0.300 8 0.396 3 0.315 2 0.355 4 0.409 4 0.275 6 0.291 9
Zr 30 0.010 9 0.002 3 0.017 7 0.016 1 0.007 1 0.015 8 0.015 7 0.002 4 0.004 7 0.015 6
Ni 24 0.000 5 0.201 2 0.081 0 0.096 5 0.007 5 0.102 6 0.143 4 0.023 0 0.107 6 0.114 9
Ti 22 0.466 0 0.049 4 0.430 4 0.401 4 0.485 7 0.410 0 0.394 4 0.490 7 0.395 8 0.374 9
Pd 14 0.690 7 0.284 4 0.573 2 0.565 9 0.765 2 0.588 4 0.553 3 0.880 7 0.872 3 0.549 1
Co 7 0.455 0 0.226 7 0.391 5 0.380 1 0.470 2 0.383 5 0.351 0 0.514 7 0.458 3 0.362 1
Au 4 0.580 7 0.829 7 0.969 0 0.988 1 0.807 0 0.989 0 0.976 3 0.970 7 0.996 1 0.992 8
Y 3 0.910 8 0.774 2 0.956 2 0.948 9 0.989 8 0.948 5 0.989 7 0.985 6 0.845 2 0.955 2
Hf 3 0.986 8 0.842 1 1.000 0 0.998 9 0.990 7 0.999 3 1.000 0 0.995 2 0.997 8 0.998 0
Gd 2 1.000 0 − 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
Total 411 0.078 3 0.140 5 0.294 7 0.292 3 0.175 0 0.306 4 0.288 0 0.338 7 0.414 1 0.291 7
Total 
(lg Zmax) 
411 0.109 9 0.207 8 0.422 0 0.422 8 0.208 2 0.425 1 0.406 6 0.274 6 0.369 8 0.423 2
 
1) Similar to the aforementioned case, all criteria 
almost show a similar or at least similar trend R2 value 
for Zmax vs criteria in every glass-forming system. That is, 
if one criterion shows a poor correlation, then other 
criteria also show a reasonably poor correlation. It is 
distinct in Fig.2 that data points in every plot are all 
widely scattered, and there is even no meaningful 
correlation for Zmax for any of the criteria. Moreover, the 
distribution shapes of these scattered data points are 
similar to each other, though every plot has different 
horizontal scale. Similar results with respect to this 
similarity can also be obtained in any other glass-forming 
system. This can also be proved from the statistical 
analysis results of SURYANARAYANA [24]. 
2) The R2 value, to a certain degree, is related to the 
number of data points. As the data points are more 
scattered in a larger data base, the value of R2 decreases 
with the increase of data points. For instance, probably 
due to the limited amount of work carried out for these 
glass-forming systems, the data point of Au-, Pr-, Y-, Hf-, 
Gd-based BMGs is less than 4, so they all show large R2 
values most of which are above 0.98. As a contrast, Zr- 
and Fe-based BMGs, as received particular attention due 
to the distinct interest in engineering applications, are all 
have low R2 values with Zmax, and there is even no 
meaningful correlation with any of the criteria, as shown 
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Fig.2 Zmax vs various criteria (Trg, ∆Tx, γ, β, δ, γm, Φ, β1, ω and β′) for 72 kinds of Fe-based BMGs [10] 
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in Fig.2. 
3) It is confirmed again that these criteria combined 
by the glass forming tendency and the stability of glass 
show larger R2 values than Trg and ∆Tx which deal with 
only one of the two aspects. 
4) The currently proposed criterion β′ also obeys the 
rules mentioned above in various glass-forming systems. 
Computed R2 values between Rc and β′ are all above 
0.915 when η varies in the range of 1.0−1.5 in Eq.(3) 
using 62 data points in Table 1. As every η is 
corresponding to a certain criterion, a lot of expressions 
could be derived and all these expressions also have the 
ability to predicting GFA of BMGs precisely. Though 
almost every investigator claimed that his criterion was 
the best among all the available criteria, the ability to 
reflect the GFA is almost the same for every one of these 
criteria. 
 
4 Conclusions 
 
According to the meaning of glass-forming ability, 
i.e., the GFA should incorporate both the factors of 
glass-forming tendency and the thermal stability of bulk 
metallic glasses, a dimensionless criterion, β′, expressed 
by Tg/Tx−Tg/(Tl·η), is proposed to predict the GFA of 
BMGs with the measurable thermodynamic properties. 
The newly proposed β′ criterion exhibits stronger 
correlation with Rc and Zmax than other currently used 
criteria. The striking feature of this study is that almost 
all criteria statistically have equal ability in predicting 
the GFA of BMGs and will lose the effectiveness as long 
as the data base is large enough. So, the merits of 
continuously appearing criterion which is just simple 
combination of Tg, Tx, and Tl have been challenged, and 
further investigation on seeking for a useful and efficient 
guideline for exploring new BMG formers is still 
anticipated. 
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